Nuclei of mouse liver and an immunoglobulin producing myeloma were digested with Haelll or its isoschizomer BspRI. The DNA fragment patterns after electrophoresis, blotting, and hybridization were very similar for the two types of nuclei when a probe for the non-expressed (J-globin gene was used. The constant (C) region of the kappa light chain gene, on the other hand, was more accessible to the nuclease in myeloma than in liver nuclei. In myeloma nuclei the BspRI sites were about equally sensitive, in fact the pattern resembled a partial digestion pattern of free DNA. In contrast, in liver nuclei some sites were much more protected than others. This is interpreted by assuming that this single copy non-expressed gene region is covered by nucleosomes which are preferentially located on certain DNA sequences. Restriction nuclease digestion of nuclei seems to be a promising method for the analysis of genes in their expressed and nonexpressed states.
INTRODUCTION
While the basic structure of chroraatin has become clear in recent years (reviews 2,3) the special features of chromatin in the active state have stayed elusive (review 4). Actively transcribed gene regions have been found to be more sensitive than non-expressed ones towards digestion by DNAase I (5), DNAase II (6), or micrococcal nuclease (e.g. 7) . The combination of filter blotting (8) and hybridization techniques with partial DNAase I or micrococcal nuclease digestions of nuclei has been very successful in the study of active and inactive gene regions (e.g. [9] [10] [11] [12] . It is now of interest whether restriction nucleases show a similar preference for cleaving expressed gene regions and for cleaving certain sites in non-expressed gene regions. With these nucleases as tools one is, of course, limited to those sites which are present in the particular gene region one wants to study. But on the other hand, the knowledge of the exact location of the cleavage sites should be very helpful in defining accessible regions.
The action of various restriction nucleases on nuclei and chromosomes has been studied (e.g. [13] [14] [15] . It was shown that
Haelll and its isoschizomer BsuRI cleave preferentially in the linker regions between nucleosomal cores (16) . Restriction nucleases were used for characterizing domains within the higher order structure of chromatin (17) and for the isolation of satellite DNA containing chromatin (e.g.18). They were also employed as probes for the accessibility of the region containing the origin of replication of the SV4O'minichromosorae (e.g. 19) but to our knowledge not yet as probes for active gene regions within the eukaryotic genome.
In the present work we compared the accessibility of a gene which is expressed in one tissue but not in another one with the accessibility of a second gene which is not expressed in either tissue. The constant (C) region of an immunoglobulin light chain gene and the 0-globin gene were chosen and the comparison was between mouse liver nuclei and nuclei of a mouse myeloma in which the immunoglobulin gene is expressed. The GGCC cleaving restriction nucleases BspRI and its isoschizomer Haelll were used.
MATERIALS AND METHODS
The mouse myeloma T and the k38 plasmid carrying the cDNA from the mRNA of the C kappe immunoglobulin light chain of this tumor were obtained from B. Mach (Department of Microbiology, University of Geneva, Switzerland). The C gene probe ( Fig.1) is the Hpal-Hha fragment of this cDNA clone (20) which was provided by M. Steinmetz. The C region probe was also donated by M. Steinmetz; it is identical to the BamHI-Hindlll subclone of the C region in pBR322 derived from fragment T1 (21, 22) . Mouse 0-globin cDNA (Z-pCRI/Mc0G-1 = ZMBG) was given by C. Weissmann and N. Mantel (23) . Haelll and BamHI were gifts of T. Igo-Kemenes, Hpal of H. Feldmann, Hindlll of R.E. Streeck. BspRI (24) was prepared according to ref. 25 ; a solution of 10 units/ml was obtained; 1 unit is the amount of enzyme which cleaves 1 ug Adv1 DNA in 50 ul in 1 h at 37°. Other materials were as in ref. 18 .
Nuclei of 2-3 weeks old tumors (maintained by subcuteneous transplantation in Balb/c mice) and of mouse liver were prepared similarly as described by Hewish and Burgoyne (26) but with the addition of 1 mM PMSF to all buffers and 0.2 % Triton X1OO to the homogenization buffer. Because of problems with the nuclei from tumor tissue (see Discussion) the first centrifugation was for 1 h at 0° in a SW 27.2 rotor only at 15 000 rpra. Nuclei were gently suspended in wash buffer and fibrous debris probably derived from autolysis removed by slow settling. The nuclei were used either directly or after storage at -20° C in 50 % glycerol.
In the latter case nuclei were washed before use first with the following buffer: 60 mM KC1, 15 mM NaCl, 15 mM Tris-HCl, pH 7.4, 15 mM mercapto-ethanol, 1 mM PMSF, 0.5 mM spermidine, 0.1 mM spermlne, 0.2 raM EDTA, 0.2 mM EGTA, 10 percent bovine serum albumin, then twice in the same buffer without serum albumin and eventually suspended in cleavage buffer which was identical to the wash buffer without serum albumin but with 10 mM MgCl.,. This buffer was used for all restriction nuclease digestions except for the Hpal digestions which were in 50 mM KCl, 10 mM Tris-HCl, pH 7.4, 10 mM MgCl-, 0.5 mM dithiothreitol. Incubations were at 37 for the times indicated in the legends and were stopped by addition of 25 mM EDTA. After a short centrifugation chromatin was suspended in 150 raM NaCl. Deproteinization was with proteinase K (0.5 rag/ml in 25 mM NaCl, 10 mM Tris-HCl, pH 7.4, 30 mM EDTA, 0.5 % SDS) overnight. DNA was precipitated with 2.5 volumes of ethanol and washed with 70 % ethanol three times. The DNA was solubilized in 5 mM Tris-HCl, pH 7.5, 1 raM EDTA and applied directly to the gel. When the DNA was cleaved subsequently with a second nuclease the DNA was extracted after the proteinase K digestion with phenol and a mixture of chloroform/ isoamylalcohol (24:1), reprecipitated, and washed with 70 % ethanol.
Agarose gel electrophoresis and photography were as described (13), the illumination was with a Blak-Ray transilluminator (Ultra-Violet Prod. Inc., San Gabriel, Calif.). If not stated otherwise 1 % agarose gels were used. In some runs (Fig.2,4,5A) the gel slab dimensions were 140x240x2.5 mm. 0.5 A 2g0 units of DNA were applied per track (except markers) and runs were for 15 rain at 60 V and then at 1OO V with 50 mA for 3.5 h. In another run (Fig. 5B) by using 6xSSC and two washing steps in 2xSSC.
RESULTS
Probing for two genes In two tissues. In a fir3t set of experiments nuclei from mouse liver and mouse myeloma T were digested exhaustively with BspRI. The isolated DNA fragments were fractionated by agarose gel electrophoresis, transferred to a nitrocellulose filter (8) , half of which was hybridized with the DNA probe for the B-globin gene and the other half with the probe for the C region of the kappa light chain gene. The size of the latter probe is indicated in Fig. 1 and the results of the hybridization experiments are shown in Fig. 2 . The 3-globin gene region was apparently not degraded to small DNA fragments and it was degraded to a similar extent in both, myeloma and liver nuclei. The C kappa gene region, on the other hand, was degraded much further in myeloma than in liver nuclei although, as would be expected, even in an exhaustive nuclear digest the level of degradation of a limit digest of free DNA was not reached. The results were extended by comparing the degradation patterns of the C kappa region in liver and myeloma nuclei at low nuclease concentrations (Fig. 3) . Clearly the latter nuclei were more susceptible to the nuclease than the former ones. The results of this type of experiment were indistinguishable whether BspRI or its isoschizomer Haelll was used.
In comparing intensities of bands one has to keep in mind that in the blotting procedure small fragments are preferentially lost and that hybridization efficiencies depend on the sizes of the fragments. This can be seen for instance in the BspRI digest of free DNA (Fig. 2) . Therefore in the following band intensities are always quoted relative to the intensities It can be concluded from the experiments of Fig. 2 and 3 that in myeloma where the iraraunoglobulin genes are expressed, the C kappa gene region is more accessible than in liver in which these genes are not expressed. The B-globin gene regions, on the other hand, show a similar accessibility in the two tissues corresponding to the fact that this gene is not expressed in either one.
Probing for the C kappa gene region in nuclei and free DNA. A closer analysis of nuclease digestion patterns of nuclei requires a comparison with the patterns of partial digestion of free DNA. All bands of an exhaustive digest of myeloma nuclei ( Fig. 2T and Fig. 4a ) can be seen also in the partial DNA digests ( Fig. 4c-i) . Also the bands of digests of liver nuclei ( Fig. 2L and 4b ) corresponded to bands in the DNA digests but clearly in the digest of the liver nuclei the small bands were missing and other ones, e.g. at 0.9, 1.21, and 1.77 kb, appeared in rather low amounts. Since neither in myeloma nor in liver nuclei the nuclease digestion can be carried to completion, as compared to the digestion of free DNA, the C kappa gene region must be protected in both types of nuclei. The differences in protection can be evaluated only if all or some of the fragments can be correlated with the known physical map of the region.
Cleavage patterns of the C gene region in liver nuclei. In the BspRI or Haelll digests of mouse liver nuclei two strong bands of 2.2 and 1.37 kb were apparent (Fig. 2L, Fig. 5A a, and Fig. 5B a,b) . In the map (Fig. 1 ) the fragments corresponding to those bands extend from the BspRI sites 2 and 5, respectively, to the BspRI site 7. This is based, among others, on the following facts: both bands were resistant to BamHI and Hindlll cleavage (Fig.5Ab,c) and hybridized also to the C gene probe, which does not extend much beyond the C gene segment itself; the 2.2 kb fragment is cleaved by Hpal giving rise to a 1.58 kb fragment (Fig. 5B d) .
In addition to the two strong bands at 2.2 and 1.37 kb weak ones are seen in the 4.4 to 5.5 kb region in most exhaustive digests (Fig. 2L, Fig. 5A a) but not in some others (Fig. 5B a) . Haelll digests and hybridization with the C gene probe were as in Fig. 3 . Exhaustive digest of liver nuclei (1CH units Haelll/ml for 1 h), normal and fourfold amounts of DNA applied to tracks a and b, respectively. Partial digest of liver nuclei (3x10 J units Haelll/ ml for 1 h) applied directly (c) or after subsequent digestion with Hpal (d) or BamHI (e) . Exhaustive digest of tumor nuclei (1O Bands larger than 5.5 kb, e.g. 7.4 and 10 kb, were only seen in partial nuclear digests (Fig. 3c) . The 4.4-5.5 kb fragments were largely resistant to subsequent digestion by BamHI (Fig. 5b) the cleavage site of which lies very close to the BspRI site 7. The fragments should therefore be derived mainly from DNA upstream of site 7. This was confirmed by the results of an Hindlll digestion (Fig. 5A c) which produced a fairly strong 2.85 kb fragment extending to site 7 and weaker bands of about 3.5 and 3.8 kb which must have originated from BspRI sites about 0.65 and 0.95 kb downstream of site 7. Also the corresponding bands of 2.2 and 2.6 kb in the Hpal cleavage (Fig. 5B d) were weaker than the 1.58 kb band which originated from cleavage at site 7. The fact that in BspRI digests the two strongest bands and also most of the larger material originated from cleavage at site 7 is interpreted to mean that this site is rather accessible to the nuclease. It cannot be excluded that site 7 is in fact a cluster of very closely spaced BspRI sites and that this contributes to the apparent accessibility.
The BspRI site 6 seemed to be much less accessible than site 7. This is concluded, among others from the fact that the 1.21 kb fragment extending from sites 3 to 6 occurs in a much lower amount than the 1.37 and 2.2 kb fragments which originate from cleavage at site 7 (Fig. 2L, Fig. 5A a) . The different accessibilities of sites 6 and 7 which are 900 bp apart is explained best by assuming a non-random arrangement of nucleosomes in this region (see Discussion). The accessibility of site 5 is documented by the strong 1.37 kb fragment which extends from there to site 7. Also site 4 which is located 400 bp upstream seemed to be accessible. This is concluded from the appearance of a 0.4 kb band which, perhaps for technical reasons, was rather weak in most experiments (Fig. 5A a) . Also the appearance of a 1.1 kb fragment in the Hindlll digest (Fig. 5A c) argues in favor of an exposed site 4. With an accessible site 5 one would not expect to find fragments extending from sites 4 to 6 or 4 to 7 and such fragments (0.87 or 1.77) have indeed not (or only very weakly) been seen in BspRI digests of liver nuclei.
Sites 1-3 appeared to be similarly accessible to BspRI digestion. The strong 2.2 kb band was attributed to cleavage at sites 2 and 7. Cleavage at site 3 resulting in a 2.1 kb fragment may contribute to the strong 2.2 kb band; in fact separate bands at 2.2 and 2.1 kb have been seen in some experiments (not shown). The appearance of bands at 0.53, 0.63, and 0.74 kb in Hindlll digests (Fig. 5A c and other experiments, not shown) can be explained only by an about equal accessibility at the BspRI sites 1, 2, and 3.
Cleavage at site 0 should be detectable by the appearance of a 0.78 kb fragment extending from sites 0 to 1. This fragment, however, was not seen in digests of liver nuclei with BspRI. Since it was clearly present in digests of free DNA (Figs.2 and 5A n) its absence in the nuclear digest cannot be attributed to the fact that the C region probe does not extend beyond site 0. It has to be concluded that site 0 is largely inaccessible to BspRI cleavage.
Cleavage patterns of the C gene region in myeloma nuclei. The BspRI digestion patterns of myeloma nuclei were quite different from the ones of liver nuclei (Figs. 2 aAd 5) . As was mentioned already in connection with the experiment of Fig. 4 the exhaustive BspRI digests of myeloma nuclei were rather similar in appearance to partial BspRI digests of free DNA. This was confirmed by a close comparison of the patterns and by subsequent digestions of DNA fragments from nuclear digests by other restriction nucleases.
The digestion patterns of myeloma nuclei differed, as would be expected, depending on the DNA probe used. The differences between Fig. 5A g (C region probe) and Fig. 5B f (C gene probe) was mainly in the intensity of the bands. For instance the band at 0.8-0.9 kb may comprise fragments of 0.85 kb (sites 2 to 5), O.87 kb (sites 4 to 6), 0.88 kb (sites 0 to 2), and 0.9 kb (sites 6 to 7) when the C region probe was used and only rragments of 0.85 and 0.87 kb with the C gene probe (compare Fig.1 ).
In myeloma nuclei sites 6 and 7 seemed to be similarly and simultaneously accessible to BspRI. This is best seen from the pattern of the subsequent Hpal digest: both, the bands at 0.68 and 1.58 kb which extend from the Hpal site to BspRI sites 6 and 7, respectively, appeared at high intensity (Fig. 5B h) . Analogously the appearance of pronounced 2.2, 1.77, and 1.37 kb bands in the BamHI digest (Fig. 5A h) corresponding to fragments which extend from sites 2, 4, and 5, respectively, to the BamHI site can be interpreted to mean that sites 2, 4, and 5 do not differ much in accessibility to BspRI. One has to conclude that in myeloma nuclei all or most BspRI sites in the vicinity of the C gene segment are similarly and simultaneously accessible to the restriction nuclease. Apparently in the expressed state this gene region is not strongly protected by nucleosomes as will be discussed below.
DISCUSSION
In previous studies on mouse myeloma T it was found (20, 21) that it contained two C kappa alleles translocated to different J gene segments and no C kappa allele remaining in the germline configuration. Since allelic exclusion may act at other levels than at the level of transcription (30) both alleles in myeloma T may be transcribed. The similarity between the digestion patterns of myeloma nuclei and free DNA and the clear difference to the pattern of liver nuclei make it rather unlikely that in the myeloma T nuclei one allele is in an accessible state while the other one stays in the less accessible "liver-like" state.
Transcription of the C gene region in liver nuclei is rather unlikely but cannot be excluded since at least in some myelomas transcription of the not rearranged C gene region was observed (30) . For the purpose of the present study, however, it is mainly important that, according to the digestion patterns, we are dealing with homogeneous material: both C gene regions similarly accessible in the myeloma nuclei and both less accessible in liver, nuclei. Digestion of nuclei with restriction nucleases requires enzymes at very high concentrations and, with that, their purity becomes critical. Haelll which had been previously applied in digestion studies with nuclei (16, 17) was used in our first experiments. Most of the later experiments were then carried out with BspRI since the nuclear digestion patterns obtained with this enzyme were indistinguishable from the ones with Haelll and the preparation of large amounts of pure BspRI is particularly easy.
In most of the experiments described in this paper digestions of nuclei with the restriction nuclease were carried to a state that the overall fragment patterns as judged from ethidium fluorescence of the gel would not change much at higher nuclease concentrations or on incubation for longer times. Such so-called exhaustive digestion conditions correspond to conditions under which previously plateaus of chromatin solubilization in low salt-EDTA buffers were reached (17) . Differences between the fragment patterns of exhaustive nuclear digestions and of limit digestions of free DNA can be explained satisfactorily by protection of the DNA by nucleosomes (16, 17) .
While the patterns of C region fragments produced on exhaustive digestion of liver and tumor nuclei, respectively, are well defined and clearly different, any quantitative comparison of accessibilities in terms of rates of appearance of the fragment patterns etc. is rather difficult. The preparation of nuclei from the tumor tissue was somewhat variable and several times freshly prepared tumor nuclei contained already some degraded DNA which must have arisen from autodigestion within the tumor tissue. It also cannot be excluded that tumor nuclei undergo under the conditions of restriction nuclease digestion more autodigestion than liver nuclei. For these reasons the patterns of control incubations without restriction nuclease, which in the case of liver nuclei usually showed no or only marginal degradation of the high molecular weight chromatin, contained in tumor nuclei some nucleosomal bands; fragments hybridizing with the C region probe, however, were not detected possibly because the amounts were too small or because they had been further de-graded. Considering the difficulties with the tumor nuclei much emphasis was always placed on the parallel experiments with the B-globin probe. The very similar hybridization patterns with this probe in tumor and liver nuclear digests show clearly that the differences we see with the C region probe reflect different states of the gene and not differences in the nuclear preparations. In spite of the difficulties in the preparation of tumor nuclei it seems safe to state that the C gene region is more accessible to BspRI in tumor than in liver nuclei. That is indicated by Fig. 3 and also by other experiments (not shown) in which in tumor nuclei the fragment pattern of exhaustive digestion was attained after incubation with only 1/10 of the nuclease concentration used in liver nuclei. This type of experiment indicates also that the fragment pattern is stable over a range of nuclease concentrations; apparently with respect to BspRI degradation of the C gene region a plateau has been reached not only in liver but also in tumor nuclei. It should be mentioned that in preliminary experiments (not shown) the C gene region was found to be more sensitive to micrococcal nuclease in tumor nuclei than in liver nuclei; this was observed in experiments carried out analogously to the ones with BspRI. The accessibility of the C gene region both towards BspRI and micrococcal nuclease seems to parallel in liver nuclei the accessibility of the bulk chromatin while in tumor nuclei it is clearly higher. A more quantitative evaluation of accessibility differences must await improvements in the preparation of tumor nuclei.
In the following we shall discuss the digestion patterns of the C gene region in terms of chromatin structure. Simple pictures for instance of randomly arranged and regularly spaced nucleosomes in liver nuclei and, on the other hand, of a nucleosome free region in tumor nuclei seem not to be applicable.
The appearance of two strong bands in the digestion patterns of liver nuclei and the absence in these patterns of several bands which were seen in the digests of tumor nuclei can in part be explained by assuming in the non-expressed C gene region a preferred location of nucleosome cores on certain DNA sequences as depicted in Fig. 1 . In this schematic presentation nucleosome cores with 145 bp DNA are spaced 55 bp apart and the nucleosome frame was chosen such that the BspRI sites 2, 4, 5, and 7 which are accessible to the nuclease, are located in linker regions. This brings the inaccessible sites O and 6 to intranucleosomal locations. The 55 bp of linker length are assumed to be an average value; moreover the nucleosome cores should be located on certain DNA sequences in a preferential and not in an absolutely specific or unique manner.
Since in the case of the C gene region we deal with a DNA sequence which occurs only once per haploid genome, remarks on the average linker length and the preference for certain locations on the DNA refer to possible differences in nucleosome arrangements between the two copies per diploid cell or between different cells. In so far the situation is not the same as the one in satellite I containing chromatin of rat liver (31) or on the Xenopus 5S RNA genes (32) where also a preferential location of nucleosomes on certain DNA sequences was found; in those systems one has to consider alternative nucleosome arrangements not only in different cells but also on the many tandemly arranged copies of the sequences per haploid genome. The same type of consideration can be applied to the heterogeneity of linker length which was observed in several systems (33, 34) and which may also occur among the copies of the C gene region in the diploid cell and in different cells.
The rigid nucleosome frame depicted in Fig. 1 explains the digestion patterns largely but not fully. The observation that sites 1 and 3 were similarly accessible as site 2 may be interpreted for instance by assuming in this region alternative nucleosome location(s) to occur in different cells. It should be mentioned also that not all sites which in the scheme are located in linker regions, were found equally accessible. For instance the appearance of a strong 2.2 kb fragment extending from sites 2 to 7 can be explained only if those sites are more accessible than the also cleavable sites 4 and 5. It is clear from the two examples that the schematic presentation of Fig. 1 represents a simplification of the situation. Schemes with a slightly shifted nucleosome frame or with unequal linker lengths along the C gene region may explain the digestion pattern somewhat better than the scheme of Fig. 1 but it seems not worthwhile at present to discuss the alternative schemes in detail.
Fragments of 0.47 kb (5-6), 0.9 kb (6-7), and perhaps also of 0.34 kb (3-4) would be expected to occur only in low amounts in any frame of regularly spaced nucleosomes since the cleavage sites are about 2 1/2, 4 1/2, and about 1 1/2 nucleosomes apart; those fragments were in fact not found in BspRI digests of liver nuclei. The main argument in favor of a preferential location of nucleosomes on the DNA is the near absence or very low amounts of fragments originating from cleavage at sites 0 and 6, as the 0.78 and the 1.21 kb fragments (sites 0-1 and 3-6, respectively; Figs. 2L and 5A a). The appearance of strong 1.37 kb (5-7) and 2.2 kb (2-7) is, of course, also in accord with the proposed preferential location of nucleosomes on certain DNA sequences.
When Wu et al. found preferential micrococcal nuclease cleavage sites in certain non-expressed chromosomal regions of the Drosophila genome (9) which disappeared more or less when the gene regions were expressed (10) they also considered a nonrandom positioning of some nucleosomes with respect to DNA sequence as a possible reason. Their DNAase I cleavage patterns were interpreted as arising from boundaries of supranucleosomal structures, from regions devoid of nucleosomes or associated with certain non-histone proteins (9) . Such structural elements may also contribute to the preferential BspRI cleavage we observe in the C gene region of mouse liver nuclei. But the rather specific information obtained in our experiments with the restriction nuclease BspRI together with the fact that by now a sequence preference of nucleosome arrangement has been observed also in two other systems (31, 32) prompts us to consider the preferential location of nucleosomes on certain DNA sequences as the main or at least as the simplest explanation of the observed facts. Such a preferential nucleosome location, which may be a particular feature of not expressed DNA regions, could in turn be mediated by sequence-specific proteins. It also may be started at certain points along the chain of nucleosomes by supranucleosomal boundaries, but there is no evidence for this yet. Regardless of whether a binding preference of nucleosomes for certain DNA sequences or one of the other mechanisms is the reason for the observed regularity in nucleosome arrangement, one has to asssume in a DNA region one or a few primary preferential nucleosome locations. The adjacent nucleosomes will then, because of their fairly regular spacing, also be located preferentially on certain DNA sequences.
In tumor nuclei it is not only the C gene segment itself which is accessible to BspRI but the whole C gene region as far as it was investigated with the available probes. This confirms expectations since the region upstream of the C gene segment is transcribed as part of the intron between the J and C gene segments. The transcription reaches at least the poly A-joining site 211 bp downstream of the C gene segment (35) . That the accessibility to BspRI extends further downstream, at least to site 7, is in agreement with the results of DNAase I and micrococcal nuclease digestion experiments on other gene systems where extended regions outside of the genes themselves had been found accessible (4, 11, 12) .
Active chromatin is probably organized in repeating subunits which share at least some properties with bulk nucleosomes (review 4) . The restriction nuclease analysis of the expressed C gene region in mouse myeloma nuclei reported in this paper contributes to this picture only with following observation: although more accessible than its non-expressed counterpart in liver nuclei the expressed C gene region in myeloma nuclei is not unprotected; even after exhaustive digestion a number of bands persist which are not present in digests of free DNA. Some of these bands comigrate with bands found in digests of liver nuclei but they were not unambiguously identified yet.
The 3.1 kb of the C gene region which were investigated in the present study are most probably identical in sequence in liver and tumor nuclei. Nucleotide sequencing around BspRI site 7 may contribute to the understanding of the nuclease accessibility of the site. The element(s) which regulate transcription and nuclease accessibility of the region lie probably upstream of site 0. It would be interesting to extend nuclease accessibility studies beyond this site which would, of course, require a new set of DNA probes. Moreover, the work has to be continued by detailed kinetic studies using a number of restriction nucleases with different cleavage specificities. But it is clear already from the present results that cleavage of expressed and non-expressed gene regions with restriction nucleases is a method which complements and extends the results of digestion experiments with DNAase I, DNAase II, and micrococcal nuclease.
